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[57] ABSTRACT 

A current supplying integrated circuit which has multi- 
output for controlling current supply from a current 
source to a plurality of elements to be driven, such as 
LEDs, and comprises a plurality of switching devices 
far controllably supplying the current from the source 
to the corresponding elements to be driven wherein 
each of the switching devices has N unit switching 
dements arranged to be connected in parallel to each 
other to form a current synthesizing circuit. The unit 
switching elements have substantially the same current 
capacity. Each of the elements to be driven, such as 
LEDs, is supplied with a current whose intensity can be 
varied by N degrees by the synthesizing circuit. By 
varying the current intensity supplied to each of the 
elements, the unevenness in properties among them can 
be avoided or suppressed in an effective and simplified 
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FIG. 6 
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FIG.I3 
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FIG. 1 4 
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FIG. 15 



<3t 




Mir 



I I I I I I I I I I I I 



a. 



1 1 



4342434 14 3 4 24 344 3 42 4 34 14342434 



l I I I I I I I 



r M I t I I 



I I 

11 



I I I I I I I I I 

te^ 1 




1 1 



i 



I 

Jj 



V 



02/11/2004, EAST Version: 1.4.1 



U.S. Patent 



May 3, 1994 



Sheet 16 of 18 



5,309,151 



FIG. 1 6 
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Referring now to FIG. 18, the printing operation of 
CURRENT-SUPPLYING INTEGRATED CIRCUIT the 1th line is as follows. The data signal for the ith line 

is first converted into three blocks of corrected data 
This is a continuation of application Ser. No. signals 1|, hand l> The first block of corrected data li is 
07/430,174, fifed Nov. 1, 1989, for CURRENT-SUP- 5 stored in shift register 9 m response to a clock signal and 
PLYING INTEGRATED CIRCUIT, now aban- is supplied from shift register 8 to the latch array 9 in 
doned. response to the latch signal L|. Since the first c o l le c ted 

, data signal 1] has the logically high bit c or re sp o n ding to 

BACKGROUND OF THE INVENTION the left-side LED, the left-side latch is maintained logi- 

This invention is directed to a current-supplying ime- 10 cally high. In synchronization with the delivery of the 
grated circuit having mum-output which can be used in latch signal Li, microprocessor 5 delivers an enable 
a printing device such as an ? fh printer or a thermal signal having a pulse width of 4t to an output control 
printer and, in particular, to a current-supplying inte- circuit 10. Output control circuitry 10, which comprises 
grated circuit which has a plurality of outputs for gener- array of AND gates and voltage-level shift circuits 
ating currents of varied strength to adjust the light 13 (which are denoted amply as "AND" in FIG. 17), 
strength for or the print oei»ty by each ttt of the print- delivers a control ON signal to the left-side FET of 
ing dements. transistor array 6 whOe the enable signal b be ing su p- 

A conventional LED printer has an array of LEDs V***™* Mficw g°g?gLL'55 ^T^/EL* 
corresponding to a line to be printed, and the duration shifted to on-state by the control ON signal and, during 
of each (JED'S emission is controlled so that desired 20 ° 1 ^ 5tatc ' P*™* current to pass from the power 
print density can be obtained A typical LED driving ^^£^2^ 

circuit provided man LED printer b illustrated in FIG. fj*™? * ^ h ^ lt .^ nn 8 thc **J?!%2}" 
17. Thedrrvms circim cccmrises a main frame 1, which the end of this 4t period, the second Nock of collated 
includes, for example, a computer for generating data ?? ta Ji hflS a ^ eady ^^ppbedto the shift regKter 8. 
Id^^dVhetfl^^ 25 Therefore, the second block of data b latched by the 

I CTW^t ^TJ Tktwa r^r^iZ «™JLn latch djc ^ 1 » mjxmsc to the next latch signal L 2 . 
KSii^TS The second block of corrected data h includes a logi- 

^^l^^Z\^^^^^^Z * corresponding to the left-side LED. and 

based on the data ognab genaated by ^ ^ ^ drcuit h ^ ^ ]ogical]y 

mam frame 1, controls mteyated crrcml £and ROM4. M ffi ^ md g^^^ a logically high signal L 2 . The logi- 

mtegrated circuit 3, which drives the LED print head, J£ mg hsignal L* as well LTenable signal having 

includes an ompuWransistor array 6 counting of a a ^ ^ rf ^ m to control 

plurality of field«ffect tnmststors, each of which is drcoft 1Q whkh drives ^ ldi *dc led through the 

cotmected to one LED of an LED-array integrated left-side FET to thereby Hght the LED for the 2t period 

circuit 7. Integrated orcurt 3 functions to control the 35 of Likewise, the third block of corrected data 1 3 

period of emission of the individual LEDs so that vana- ^ ^ m g^ift register ft during the delivery of 

toon in the quantity of emission among the LEDs can be ^ ^grad of j% width pulse. The third corrected 

corrected, data b latched by the latch circuit in response to the 

Microprocessor 3 in the LED driving circuit gener* i^ch signal L3. At this time, the left-side latch circuit b 
ates and delivers a control signal to ROM 4 on receiving 40 ^so maintained logically high. The itch signal Lsand 
the data signal for a line of prmt from main frame 1, so enable signal having a puke of It width are supplied 

as to obtain correction code date from ROM 4. Micro- to control circuit 10, so that the left-side FET b turned 
processor 5 then corrects the individual bits of the line ON, which, in turn, makes the left-ode LED emit for a 
of printing data in accordance with the correction code it period. " 
data to thereby produce a line of corrected printing 45 as mentioned above, the enable signal includes the 
data. The corrected data b supplied to the flip-flop pulses 4t, 2t and It, each pulse being delivered to output 
constituting the least significant bit of a shift register 8. control circuit 10 in response to one of the Mr* 1 signals. 
The data correcting operation b carried out such that \ n control circuit 10, the data signal b converted into 
the bits of the line of printing data are sequentially con- three corrected data signals in a row in accordance with 
verted into corrected data c onsistin g of three latch so the blocks of corrected data 1), h and I3. 
cycles, each latch cycle being adjusted in the duty ratio In the above, as the left-side LED has the weakest 
of the driving signal for the LED. Mimwnn strength and the correction data stored for it in 

If, for example, the LED at the left side in LED array ROM 4 b the maximum value (=7), the b con- 
integrated circuit 7 has the lowest emission strength trolled to emit intermittently for the entire 7t period of 
among the LEDs in FIG. 17, the emission strength 55 time, likewise, in response to the stored values in ROM 
correcting operation b carried out as follows. A correc- 4, the LEDs are controlled in their emitting periods 
toon code re pre sen ting a value of 7 b stored beforehand from It to 7t incrementally, so that the emission 
in the ROM at an address corresponding to the left-side strength of the respective LEDs are adjusted and, 
LED, Mam frame 1 provides m icroprocessor 5 with a therefore, the printing densities produced by the LEDs 
line of printing data including one bit for driving the 60 of different emission strength are adjusted to the desired 
left-side LED. Upon receiving thb bit, microprocessor level. 

5 generates and supplies a control signal to ROM 4 to As mentioned above, the integrated circuit for driv- 
obtatn therefrom the line of printing data, including the ing the LED printer head controls the emitting period 
correction code valued 7, for the left-side LED. In of each LED to adjust the total emission quantity of 
response to the line of printing data, microprocessor 5 65 each LED to a desired quantity in order to avoid print- 
produces a series of three-bit signals as corrected data ing unevenness due to variation in emission strength 
signals and delivers them to shift register 8 in response among the LEDs or du e to v ariation in current-carry- 
to a latch signal. ing capacity among the FETs forming the output tran- 
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sistor array. In other words, the FETs ON-time periods through individual control lines, the number of the 
are controlled by seven degrees through the respective control lines for each switching means becomes as 
, thrce4atch. cycles., However, tins means that the adjust- much as N, and results in a- lack of space, in view xst . 
ment operation needs the printing period of three latch circuit configuration and of semiconductor layout, 
cycles for ea ch line printing operation. The LED 5 Each of the unit-switching elements, which has the 
printer with this adjustment control can be increased in current capacity as a quantftized unit of current output, 
its printing speed by reducing the pulse width, but this can be made of a single field-effect transistor or of a 
adjustment is limited In particular, an LED printer parallel connection of two or more field-effect transis- 
which has a large number of positions for a hue of print- tor ^ onh-switching element is normally made of a 
ing cannot easily achieve a desire d hig h spee d printing io single field-effect transistor. However, in view of semi- 
operation. In addition, it » necessary to produce a series conductor layout it is probable that the quanthized unit 
tftirc Mocks of cor^^ of current output (corresponding to resolution) is not 
enabkagnals for each hue prmtmg operation^ which a smglcfield^fect transistor. In this 
b^^ acomphcated program or control of micro- ^ each of the switching elements may be made of 

ja mttftr a. _ ^ 1$ Qf more field-effect transistors to increase the total 

Accordingly , * cunent supplying mtegrated circuit of current capacity thereof to be the quantitized 

which is capable of adjusting variation in output T"? ™ ™ » *-t~*u incrcoi www t * Maou 

strength among a plurality of elements tobedrivenby ^IS^JXLfc ^ bv one to 

varying the current intensity supphed to each of the ******* "^P* P** cOTespomnng otc by one to 

elements is desired. » the switching means are normally arranged in a row, 

and so each switching means should be arranged be- 
SUMMARY OF THE INVENTION tween the adjacent output pads. In this case, h ts prefer- 
Generally speaking, in accordance with the instant able that N ram-switching elements are formed in a 
mvention, a multi-output current supplymg integrated semiconductor substrate such that they are of the same 
circuit is provided such as an mtegrated circuit far 25 soe, and are arranged along a hnc at the same 
driving an LED print head The circuit has a plu ral i ty mtervals to form a unit-switching element array, 
of switching means for controlling the current supply Where the unit-switching elements have the same 
from the power supply to r e sp e cti ve elements to be current capacity, output-current intensity will increase 
driven such as USD s, wherein the switching means are in proportion to the number of the unit-switching ele- 
provided with the elements to be driven, respectively. 30 ments to be driven. For instance, the current intensity 
Each of the switching means includes a current synthe- doubles if four unit-switching elements are energized by 
sizing circuit which includes N unit-switching elements the 4th bh of an n digital signal in comparison with that 
having substantially the same current capacity and obtained by two unit-switching elements being ener- 
whicn are connected in parallel with each other. Ac- gjzed by the 2nd bit of the digital signal. However, a 
cording to the invention, N umt-swhchmg e le me n ts are 35 plurality of the unit-switching dements cannot easily be 
selectively energized to produce a current having N made on a semiconductor substrate such that the ele- 
degrees of intensity , whereby the amount of current menu have equal current c ap ac i t y , owing to manufac- 
supply to the elements to be driven such as LEDs can turing inaccuracy, even if the elements are formed in 
be varied by N degrees (N+l degrees if the current the same shape and size. In the process of photolithog- 
suppry of zero is counted). Therefore, each of the ele- ^ raphy such as for forming gate electrodes of field-effect 
ments to be driven is supphed with current of adjusted transistors, the resulting gate electrodes are inevitably 
intensity so that the output capacity of each element to different in their shapes, although the differences are 
be driven can be adjusted to a desired value. Thus, in small, due. to manufacturing inaccuracy, which causes 
accordance with the invention, variation in output ca- variation in current capaci t y among the field-effect 
parity among the elements to be driven, which are 43 transistors or unit-switching elements. Consideration 
c a u se d by variations in capacity among the elements to must be made to mis variation in current capacity 
be driven or in current capacity among the switching among die switching elements, otherwise the output 
means, can be avoided or at least reduced. current intensity of each switching means cannot be 
In another aspect of the invention, the above N unit- expected to increase in proportion to the number of the 
switching elements , included in each of the switching $q rant-switching elements to be energized. 
m ^* ns > 11 groups, and each group of the Where a plurality of unrt-switching dements such as 
unit-twitching elements is controlled by each bit of an field-effect t ransistor s are arranged in an array on a 
n-btt digital control signal. The Mb group of the unit- semiconductor substrate, the variation in the current 
switching elements includes 2 ,_ 1 of the unit-switching capacity amo ng the unit-switching elements shows 
elements, and, as a common control input to these unit- 55 monotonia characteristics along the array direction. A 
switching el e ment s, the i-th bit of the control signal is typical example is that the current capacity increases 
provided therewith. **N" and M n" are positive integers monotomcaDy in the direction from the unit-switching 
and satisfy the following equation: element positioned at one end of the array of unit- 
switching elements to that positioned at the other end 
1 2 i S I r~ l - 2" - 1 = iv 60 tncreo ^ to d" 5 C9SC * tte nnh-switching element posi- 
' * m - - = noned at the middle of the array has approximately an 

average current capacity, while those positioned at the 

According to the arrangement of the unit-switching left side of the array have lower current capacity and 

elements, the number of the control lines for the unit- those at the opposite side have higher current capacity, 

switching elements can be reduced to be n which is 65 If N unit-switching elements are divided into n groups, 

much smaller than N. Thus, the control lines can be such that the unit-switching elements belonging to the 

deposited easily on an integrated circuit. In contrast, if first to the last n-tb groups are positioned in this order 

N unit-switching elements are controlled independently from one end of the array to the other, an average cur- 



02/11/2004, EAST Version: 1.4.1 



5,309,151 

5 6 

rent capacity of the unit-switching dements belonging ing elements may be arranged such that the field-effect 
to each group will differ among the groups. Thus, there transistors forming one switching element belonging to 
. . is a possibility that thecctput current intensity will drop- - - one switching means are positioned between otherJieldrn..' v<«w< >» -^.rr 
when energization of switching elements ts shifted from effect transistors bel ong ing to other switching means, 
one group to the adjacent group. 5 On the other hand, in the case that the current capac- 

In order to avoid this defect, according to one aspect iry of each of the unit-switching elements arranged in an 
of the invention, there is provided a multi-output cur- array shows uneven characteristics along a curve hav- 
rent supplying integrated circuit having an array of a ing a turning point in the array direction, yet not a 
plurality of switching elements which constitutes the monotonicaJJy increasing curve or a monotonically 
switching means, wherein the switching elements are 10 decreasing curve as described above, the unit-switching 
appropria tely divided into n groups, each group form- elements are preferably arranged as follows wherein 
ing each switching means, so that die variation in the each of the unit-switching elements is constituted by 
current capacity existing among the switching elements two or more switching transistors. The two or more 
because of manufacturing inaccuracy can be avoided or switching transistors belonging to die first group are 
mmmrized In a preferred embodiment, the first of n 15 arranged to have their center of gravity positioned in 
groups includes a single switching element which is die center of the array. The switching transistors be- 
situated at the middle of the array. The switching de- longing to the respective groups are arranged so that 
meats which are disposed one by one in the direction the groups have at least two switching transistors, re- 
from the middle switching dement to both ends of the spectrvdy, the centers of gravity of which appear in the 
array are divided into one of n groups in the following 20 direction from said center of gravity of the first group 
order which is symmetrical to the middle switching to both ends of the array in the following order, the 
element: order being expressed by the group numbers 1 to n to 

when n=2, then n— ►l-^n; which the switching transistors bdong: 

when n=3, then n— *<n— l)-»n-^l » n > ( n— l>-*n; when n=Z, then n— »l-*n; 

when n=4, then 25 when n=3, then n— Kn— 1 ) »n > 1 »n »( n— 1>— >n; 

n-Kn—2) > n >(n-l) i n »1 » p »(n— 1) > n >(n- when n=4, then 

— 2>-m; n— »(n— 2)-»n-»(n— 1 ) >n >1 >n »(n— 1) »n » ( n- 

when n— 5, then — 2)— ►n; 

n— »<n — 3)-+d— »<n — 2)— *n—» (n — 1 ) » n »1 > n »(n- when n=5, then 

— 1 )— *n— »<n — 2)— ►n— *{n — 3)— hi; and 30 n— •{n — 3)— ►n— *{n — 2)-ki— *(n — 1 >-»n— »1 >n »(n- 

when n=6 or greater, then — 1) » n »(n— 2) » n » (n— 3)— m; and 

n-»(n— 1) > n »(n~2)-^n— »<n —)-»... n—»2~-»n~». when n=6 or greater, then 
. . -»n— Kn— 2) »n »(n — \)-+n. n-Kn — 1) > n *(n—2) » n >(n— )-» . . . n-»2 > n » . 

According to the arrangement, the middle switching . . — »n— *{n — 2 ) »n > ( " — l)—*n. 

element belonging to the first group shows an average 35 According to this arrangement, as the switching tran- 
current capacity, and the average current capacity per ststors in one switching element are distributed in the 
one switching element belonging to the other groups array direction, the variation in current capacity among 
also shows substantially the same value as that of the the switching elements can be suppressed. By compari- 
nriddle switching dement of the first group. This as- son, in the case where the switching transistors bdong- 
sures that a digital value of the n-btt digital control 40 ing to the same switching elements are disposed adja- 
signal corresponds linearly to the output current in ten- cent to one another, the variation in current capacity 
shy which is generated by one of n groups energized among the switching dements cannot be suppressed. In 

when the n-bat digital signal is set to the above digital particular, the variation can effectively be suppressed - 

value even when variation in the current capacity exists where the variation in current capacity among the 
among the switching dements arranged in die array. In 45 switching transistors in the array direction exhibits a 
addition, even if the switching dements have a current characteristic curve having a turning point around the 
capacity which varies monotonicaDy along the array, center of the array. Thus, the linearity of current output 
the output current intensity is at least expected to in- in response to digital input can be greatly improved, 
crease monotonicaUy. The arrangement of the switch- In a pr e f erred embodiment, die switching means- is 
ing elements according to the invention allows for a 50 provided with one or more offset field-effect transistors 
current synthesizing circuit or digital-to-analog con- which have a relatively high current capacity compared 
verier (DAQ without an undesirable drop of current to the switching transistors co m p r i sin g the switching 
intensity due to the variation in the current capacity elements and which are common to all of the switching 
among the switching dements arranged in an array dements. With this configuration, output current inten- 
structure. 55 sity from each of the switching means can be modified 

In the above array of unit-switching elements, each by N steps of smaller changes without increasing the 
unit-switching dement can include one or more switch- number of switching means. 

ing transistors, such as field-effect transistors. Where In another aspect of the invention, there is provided 
each of the switching elements includes two or more an electronic device having the above-mentioned cur- 
switching transistors, those transistors in one switching 60 rent supplying circuit In addition, the present invention 
element can be positioned adjacent to each other or can also apply to a plasma display device wherein a 
positioned such that other switching transistors forming DAC is used for tonal displaying, 
other switching dements belonging to other switching Accordingly, h is an object of the present invention 
means are interposed between them. More specifically, to provide an improved current-supplying integrated 
when each of the unit-switching elements includes two 65 circuit having multi-output for controlling elect ronicaJ- 
or more field-effect transistors positioned symmetry ly-driven dements. 

cally in the array and connected in parallel with each It is another object of the invention to provide a 
other to form a parallel circuit, the array of unit-switch- novd current supplying integrated circuit which is 
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capable of adjusting variation in output strength among rent with respect to digital input signal in the digita)-to- 

a plurality of elements to be driven by means of varying analog converter (DAC) according to a preferred em- 
.itd^r^iviei.^.^ t ^ :the«urrent tntensirv^upptiedito eachof.theelmenmow-vvbodiment of the invention; , 

be driven* FIG. 12 illustrates another embodiment of the DAC 

Another object of the present invention is to provide 5 according to the invention; 
the above current supplying integrated circuit which FIG. 13 illustrates linear characteristics of variation 
comprises a plurality of switching elements corre sp ond- in current capacity of the switching transistors, together 
tng to and driving respectively, the elements to be with linear characteristics of output cur rent with re- 
driven and wherein the switching elements can be con- spect to digital input signal in the DAC of FIG. 12; 
trolled through the least number of controlling lines 10 FIG. 14 illustrates still another embodiment of the 
c onnected to diem. DAC according to the invention; 

Yet another object of the present invention is to pro- FIG. 15 is a schematic view showing a pattern of the 

vide the current supplying integrated circuit with the transistor-array of FIG. 14; 

above switching elements arranged in a row, wherein FIG. 16 illustrates characteristics of variation in cur- 

the current capacity among the switching elements can 15 rent capacity of the switching transistors whose curve 

be equalized. exhibits a turning point at a position around the center 

Still another object of the present invention is to of the transistor-array, together with monotonic charac- 

provide an electronic device such as an LED printer, a teristics of output current with respect to digital input 

plasma displaying device or the like, which is provided signal in die DAC of FIG. 14; 

with die above current supplying circuits for the ele- 20 FIG. 17 is a block diagram of a conventional drive 

meets to be drivea circuit for an LED printer, and 

StOl other objects and advantages of the invention FIG. 18 is a signal time chart showing the operation 

will in part be obvious and wiD in part be apparent from of the drive circuit of FIG. 17. 

th Tn^n^S accordingly comprises an article of 25 ^i^J^^^S^^ 

manufacture possessing the features, properties, and the FRfcrtRKED cMJJODIMENT5 

relation of elements which win be exemplified in the Reference is made to FIG. 1 which illustrates a drive 

article hereinafter described, and the scope of the inven- circuit for an LED printer in accordance with the in- 

tion will be indicated in the claims. vention. The drive circuit comprises a main frame 1 

BRIEF DESCRIPTION OF THE DRAWINGS 30 ^JlSKd£^W£!j^ 

For a fuller understanding of the invention, reference 11. Microprocessor 11 supplies control signals to a 
is had to the following description taken in connection ROM (read only memory) 12 and receives from the 
with the accompanying drawings, in which: ROM correction-code data. The correction-code data is 

FIG. 1 is a schematic block diagram of a drive circuit 35 stored in ROM 12 beforehand and is used for correcting 
for an LED printer, in which a multi-outlet current the tight-emission of LEDs forming a print head as 
supplying integrated circuit according to the invention described hereinafter. Microprocessor 11 also delivers 
is provided; data signals,, latch signals, correction data signals, en- 

FIG. 2 is a detailed block diagram of the drive circuit able signals and similar signals to an integrated circuit 
for the LED printer of FIG. 1; 40 13 for driving an LED print head. 

FIG. 3 illustrates, in detail, the control and level- Integrated circuit 13 includes a data shift register 14 
shifting circuit of FIG. 1; which receives data signals for a line of printing via 

FIG. 4 illustrates, in detail, the current-synthesizing microprocessor 11 in response to a first clock signal - — 

circuit of FIG. 1; from microprocessor 11, an array of latch circuits 15 for 

FIG. 5 is a time chart showing the operation per- 45 receiving the contents of the flip-flops (F/Fs) in data 
formed by the drive circuit in FIG. 1; shift register 14 and storing them temporarily in re- 

FIG. 6 is a schematic plan view illustrating a chip- spouse to the latch signal, and a correction-data shift 
layout of the drive circuit for the LED printer of FIG. register 16 for serial-parallel converting the correction 
1; data signals in response to a second dock signal to pro- 

FIG. 7 is a plan view showing the semiconductor 50 duce 4-bit digital signals. Integrated circuit 13 also in- 
structure of the current synthesizing circuit of FIG. 1; dudes an output-transistor control circuit 17 for gener- 

F1G& 80 to W are sectional views taken along lines ating gate signals in accordance with the 4-bit digital 
8a— 8a, tb—Zb, 8c— Sc and %d—*d in FIG. 7, respec- signals and die enable signals, and an output-transistor 
tivery; portion 18 having a plurality of switching circuits 18-1 

FIG. 9 illustrates a characteristic line showing the 55 to 18-m, these switching circuits being controlled by the 
variation in current capacity of the switching transistors gate signals. 

arranged in an array on a semiconductor substrate, An LED-array integrated circuit 19 compr ise s a plu- 
together with characteristics of output current shown rality of LEDs 19-1 to 19-m, each connected to the 
by the broken line with respect to digital input signal; corresponding switching circuits 18-1 to 18-m of out- 

FIG. 18 illustrates linear characteristics of variation 60 put-transistor portion 18, so that LEDs are supplied 
in current capacity of the switching transistors, together with electric current from a power source V a to emit 
with linear characteristics of output current with re- only when the corresponding switching circuits are in a 
spect to digital input signal in the digital-to-analog con- turned on-state. A photosensitive drum 20 is disposed in 
verter according to a preferred embodiment of the in- front of the array of LEDs 19-1 to 19-m. A power 
vention; 65 source 2 for the device is also provided. 

FIG. 11 illustrates monotonic characteristics of varia- FIG. 2 illustrates drive circuit 13 for the LED print 
tion in current capacity of the switching transistors. head. Data shift register 14 includes D-type flip-flops 
together with monotonic characteristics of output cur- 14-1 to 14-m. Each time the first clock pulse is supplied 
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to the first clock terminal 14a, and therefore to the Control and level-shifting circuit 17-1 includes five 

C-input of each ftp-flop, binary serial data on the data level shifting circuits 22-1 of the same structure for 

^^.^^.^p.-^ flrpr.^ M J»X>ducjng^^^ 

flop of the higher stage. With the shifting operation, the control voltages Sw, Sjj, Snand Sn for the D AC Each 

serial data for a line of printing are converted into paral- 3 of the level shifting circuits includes an inverter 22-10 

lei data. The array of latch circuits 15 includes latch for inverting the output signal from the associ ate d in- 

circuits 15-1 to 15-m of D-fhp-flops which store tempo- verter 21-1* or the associated one of NAND gates 21- 

rarily the contents of corresponding bits of shift register Id, a. transmission gate 7m for receiving the inverted 

14 in response to the latch synchronization signal being output signal and the output signal from the inverter 

input to the latch terminals 15a of latch circuits 15-1 to 10 22- lb as control inputs and for delivering an ext ernal 

15-m. gate bias voltage Vgg. and a P-channel MOSFET 22-lr 

Ccrrectkm-data shift register 16 frr*™*-* 4m of D for setting the output of the transmission gate TV when 

flip-flops, each flip-flop having c o r rect io n-data input D m the state of being off to be the same voltage as the 

which receives correc tion data in the form of binary- external source voltage 

4m-btt serial data and shifts the input correction data IS Print mode decision circuit 21-lc generates the print 
into the next upper flip-flop in mf or ** to the second mode signal which is converted into the offset control 
dock signal supplied to its second clock terminal 16a. signal OS\ whose voltage varies between the external 
The correction data is initially applied to correction- gate bias voltage Vcc and the external source voltage 
data terminal 16b and shifted through the four D flip- V» The outputs of NAND gates 21-lrf are also con- 
flops of partial shift register 16-1, and then to the first 20 verted into the DAC control signals Sm. Si* Sn and 
flip-flop of partial shift register 16-2. More specifically, Sn each having a voltage between the above range, 
cofTection-data shift register 16 includes m partial shift r e sp ec ti vely. 

registers, each including four D flip-flops and general- FIG. 4 illustrates the current synthesizing circuits or 
ing 4-bit parallel signals (such as B)* Bij, Bn and Bu) the switching circuits 18-1 of output-transistor portion 
for correcting the emission intensity of the correspond- 23 18 shown in FIG. 2. Each of current sy nthes izi n g cir- 
ing LED. Output-transistor control circuit 17 also in- coirs 18-1 to 18-m includes a digital-to-analog converter 
dudes m unit-circuit portions, each unit-circuit portion and. a field-effect transistor for offsetting. Current syn- 
including control and level-shifting circuits. Each of the thesizing circuit 18-1 shown in FIG. 4 includes a cur- 
control and level-shifting circuits receives data (such as rent-output-type digital-tc-enalog converter 18-1* in 
Da) output from the corresponding latch circuit of the 30 the form of a parallel connection of fifteen p-channel 
latch-circuit array 15 and, at the same time, receives field-effect transistors F71 to Fris having the same cur- 
4-bit serial correction data (such as Bu, Bn, B12 and rent capacity and a single p-channel field-effect transis- 
B11) from the corresponding partial shift register of tor F„i having a current capacity which is one-third of 
correction-data shift register 16. The control and level- the total current capacity of the field-effect transistors 
shifting circuits then deliver 4-bit serial gate control 33 Fji to Fns- Of these, one transistor Fjb is supplied with 
signals to the corresponding current synthesizing car- the control signal Sn as a gate signal* two transistors 
cuits (described below), respectively, in response to the Ft* and Fru with the control signal S12, tour transistors 
enable signal being input to the enable terminals 17a F72, Fjfc Fjioand Fru with the control signal Si 3, and 
Referring to FIG. 3, the control and level-shifting the remaining eight transistors F71, F73, F73, F77. Ft9» 
circuit 17-1 of the output-transistor control circuit 17 is 40 Fni, F713 and F715 with the control signal Su. Thus, 
illustrated. The remaining circuits 17-2 to 17-m are of the transistors are set to be on when ^corresponding 
the same circuit structure as the circuit 17-1. Control control signals are set to a low level. Current synthesiz- 

_ andJcvel-shifting .drcm^. 174. mdudes a.lc^. control .... mg carcuh 184 is.forai^ 

circuit portion 214 and a level shifting circuit 22-1. In the structure of which win be described hereinafter, 
the present embodiment, the data signal Dn from latch 45 The operation of the above mentioned embodiment 

drcurt array 15-1 is set to be logically high where prim- will now be described with reference to FIG. 5. A 

ing operation is requested, whereas Dn is set to be logi- voltage from power supply 2 is applied to the device, 

cafly low where printing operation is not requested. In Then, microprocessor 11 delivers the control signal to 

addition, the enable signals applied to terminal 17-a are ROM 12 which, in turn, provides microprocessor 12 

set to be logically high for defining a prmting period, 50 with the correction code data signals. Microprocessor 

while they are set to be logically low for defining a 12 delivers the received correction code data signals 

non-printing period. along with the second clock signal to correction-data 

Logic control circuit 21-1 includes a print mode deci- shift register 16. In the present embodiment, a line of 

sion circuit 21 -c which comprises a NAND gate 21-ln print comprises m dots, and so the correction-code data 

for receiving the enable signals and the data signals D/i, 55 signal is in the form of 4m-bit serial digital signal, each 

and an inverter 214* serially connected to the NAND 4 bits thereof representing correction data for one dot. 

gate in order to set the LED 19-1, c or resp on ding to the Microprocessor 11 generates the correction data signals 

control and level-shifting circuit 174, to be selectively and the second dock signal only for a predetermined 

on or oil Logic control circuit 214 also includes four period of rime from the application of the power. The 

NAND gates 2144 and four inverters 21-1* Each 60 serial digital signals of 4-bit are inputted into the D 

NAND gate 21-14 receives one of the 4-bit serial signals flip-flop of the least significant bit of shift register 16 in 

B14, B|3, Bu and Bn, respectively, as correction data response to each pulse of the second dock signal. Thus, 

and the print mode signal from print mode decision after 4m pubes of the second clock signal are generated, 

circuit 21-lc, and produces a 4-bit digital signal which is the aerial digital signals of 4m bits have been stored in 

supplied through level shifting circuit 224 to a digital- 65 shift register 16. Since microprocessor 11 does not 

to-anal og converter of the current synthesizing circuit thereafter generate the second clock signal, the serial 

(described below). Inverter 21-le inverts the print mode digital signals or correction data are maintained in shift 

signal. register 16. For example, partial shift register 16-1 oL 
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shift register 16 is maintained such that the first bit of Moreover, each dot of one line of printing can be con- 

Bii, the second bit of Bu. the third bit of Bu, and the trolled independently, by either modifying the correc- 
"fburthr'bnyof B fo iT pr t scnliug *thc *%rt signal (ccgre- ^ tion code data for each dot prcstored in'tbe*RQM>orw**r-.-».ra~»* ^ J 

spending to 1-dot correction data), appear on the output directly supplying desired correction code data as re- 

terminals thereof. 5 quired. 

After the correction data signal is stored in shift regis- The effect of the provision of the p-channel field- 
ter 16, the first dock signal is generated and, in response effect t ransisto r for offsetting is as follows. The uneven - 
to that, the data signals are delivered to data shift regis- gess of emission-strength among the LEDs is expected 
ter 14 via microprocessor 11. Where one line print data to be approximately in the range of 20%. Each of the 
isD/forthei-th line to be printed, the data D,are stored 10 i pry emits in proportion to the current intensity sup- 
in dau shift renter 14 ^ the generation ofmptJsesof ^ lhcmtx ^ ^ of^^^F^^ta^ 
the &* clock Microproc^ then ge^ata £^ the current to the LEDs, the value of the 
S^rf t^Jt'Z l^^ y £ S curre^being the minimal value required to supply to 

P ^^T D^of the c^res^ D *P^« ^^^^^D^l^f^^ 

Next, the printing operation of the LEDs will be ** LED$ 0811 te SOppTeSSCd m *** range ° f 

ex pl ai n ed by taking LED 1M as an example. The en- 30 "JL 1 *" , . t - . . . 

able signal tornsto be logically m gh and fcen it is de- FIG. 6 illustrates an example of a layout of the drive 
cided as to whether LED 19-1 is driven to emit or not circuit for an LED print head on a semiconductor chip, 
according to the level of the data signal Dfl. That is, As shown in the drawing, the integrated circuit chip is 
where the data signal Dn is logically high, print mode mainly divided into the following portions: A logic 
decision circuit 21-lc outputs a logically high signal, „ portion 50; data shift register and latch circuit-array 
while where the signal Dn is logically low, circuit 21-lr portion 14, 15 wherein D flip-flops 14-1 to 14-m and 
outputs a logically low signal. Where die output of latch circuits 15-1 to 15-m are arranged in two rows; a 
circuit 21-lr is high, the transmission Tj* is energized to correction-data shift register and output-transistor por- 
pass the gate bias voltage Vcaas the signal OS] there- uon 16, 17 wherein partial shift registers 16-1 to 16»m 
through to the p-channel field-effect transistor Fori jq and control and level-shifting registers 17-1 to 17-m arc 
which, in turn, is energized. At die same time, the cor- arranged in two rows; an output-transistor portion 18 
rection data signals in the form of B14, Bu, B12 and Bu consisting of current synthesizing circuits lflkl to lS-m 
are supplied to control and level-shifting circuits 17-L arranged in a line; and a pad portion 34p wherein output 
Where the data signal B14 is high and the data signals terminals Oi to O m corresponding to respective current 
B13, B12 and Bu are low, the signal Su is set to be the 3J synthesizing circuits 18-1 to 18-m are disposed, 
gate bias voltage Vcc while the signals St 3, Suand Su Referring now to FIG. 7, the semiconductor struc- 
are set to be the source voltage V55. In this case, of the ture of current synthesizing circui t 18-1 shown in FIG. 
transistors of DAC 18-1*?, Fri, Frj, Frs, F77, F79, Fr» 4 will be described. As can be seen, current synthesizing 
and Fns are set to be off. In the present embodiment, circuit 18-1 includes fifteen field-effect transistors Fri to 
the Beld-effect transistor F„\ has the current capacity of ^ p m wfajch are of the same shape and size and are 
io» «nd each transistor of DAC lfc-la has that of and, formed on a substrate such that they are arranged in a 
therefore, the current value applied from the output row at the same intervals. More specifically, the transis- 
terminal Oi to.LED 19-Lbecomes 0«+8io) where only tors ha ve strips of polysilicon gates G t to G !5 arranged 
the signal S u is set to be the gate bias voltage V^rj. in a row at the same intervals. Except for the region 
Depending on the signals S)* Si* S ]2 and Su, the cur- 45 Mow ^ gates q, to m active region 30 is ex- 
rent value applied to LED 1*-1 varies from i« to tended along the array of the gates Gj to G15. Active 
(ia,+ IS ip): region 30 can be formed by means of self-alignment 

£ . using the polysihcon gates G\ to Gis as a mask for ion- 

i^i^ioi+is^ k imection. The channel length of the transistors is de- 

Accordingly, by preparing the correction c«fc data » ^ *y ^ ^^^1^^ Z***^*^ G 1 10 G J£ 
which represent thelummt values supplied to the *** «* **** » d**** of active region 30. 
LEDs for^o^gAe^n^on intensn^yofSe LEDs The offsetting p-channel field-effect transistor F m i has a 
to be a oesiredoie, and storing them in the ROM be- P*y«flcon BP* G«i which fc extended m the form of a 
forehand, all of the LEDs can be adjusted in their emis- «*»P ^Sfhc array of transistors F71 to Fn 5- Active 
sion intensity to be a desired one, whereby unevenness 55 region 31 of this transistor F^i is extended ui the direc- 
of printing by the LEDs can be avoided or suppressed. tion of the array of Fn to Fnsan d is along the polysili- 
In addition, since the. unevenness of printing can be con 8* te A source electrode line 32 applied with 
s u ppre ss ed by varying the current value supplied to the source bias voltage V a comprises a common dec- 
each of the LEDs, one line of printing can be performed trodc hne 32a and eight source electrodes 326. Common 
by ope latch cycle This enables the p rinting speed to be 60 electrode line 320 is electrically connected to the p-type 
fester. In fact, according to the present embodiment, the source region of offsetting active region 31 through a 
printing speed becomes three times as fa as thai of the number of contact holes h arranged at the same inter- 
conventional print head. Furthermore, since the data vals. Source electrodes 326 are extended transversely 
signals do not need to be modified but just transferred, from common electrode line 32a at the same intervals 
and the correction data signals are stored in shift regis- 65 and are parallel to each other. Likewise, a drain dec- 
ter 16 only one time whereby the current values to be trode line 33 comprises a common electrode hne 33a 
supplied to the LEDs are established, the programming and eight drain electrodes 336. Common electrode line 
and control for microprocessor 11 can be simplified. 33a is electrically connected via a number of contact 
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holes b disposed at the same intervals to the p-type 
drain area of offsetting active region 31 which is con- 

output terminal Oi- Drain electrodes 33o are extended 

transversely from common electrode line 33o at the 3 0«w«mJ 
same intervals and are parallel to each other. The 

polysflicon gate Go,i for offsetting has one end which is sbown 1I m i!** 1 '** tTan ? st 1 or ? connec L ed 

electrically connected to offset gate line 34 supplied to ^ gate ^35 which is supplied withthe signal S„ 

with the gate signal OSi via a contact hole h. TTe 1 SSiS ^^^^T^ 

rxilysilicongate^ plt^i^T^ 2S 

the middle of the transistor ^rray b connected to a first ^hT^lt^tS 

gate line 35 supplied with the gate signal S„. the gates « supplied with the ^signal Sa joe the sec- 

5T T/T r**^ * ujc ^uaj dii, uic giura ^ ^rt of the 4-bit semi signal, these transistors being 

4 'L? * JF^f? ^ UPPhcd P^tioncd synmetrk^^hrcspect to the middle 

agnaJ S 12> ttejptfes G* G< > G, 0 and Gm to a third ^te 15 tniaistOT Fjb in the transistor-array. The transistors 

to^su^hedwn^asi^S^andthe gatesGi.^ F72, Ft* Fnoand F n 4 are connected to third gate 37 

Gs> Cj7. G% Gii, Gh and Gis to a fourth gate line 38 which is supplied with die signal So or the third bit of 

supphed with the signal Si* respectively. the 4-bxt serial signal. The transistors Ft* and Fnoare 

Referring to FIGS. 80 to 84, the co nn e ctin g structure also positioned symmetrically with respect to the mid- 

between the first to the fourth gate lines 35 to 38 and the 20 die transistor Frs in the transistor-array, and the other 

transistors will be descrmed. As shown in FIG. 80 iDus- two transistors F72 and Fru are positioned symmetric 

tranng the connect in g structure between the transistor cally with respect to the middle transistor. The transis- 

Fn and first gate line 35, the t ransistor Fjb includes a tors Fn. F73, F75. F77. F7* F711, Fm and Frts are 

channel region Ch formed between the p-type source connected to fourth gate line 38 which is supplied with 

and drain region formed on the n-type semiconductor 23 the signal Su or the fourth bit of the 4-bit serial signal, 

substrate by diffusion, and the polysilicon gate Gg The transistors Fn and F715* Fn and Fm, Frs and 

formed on gate oxide film 39 deposited on the surface of F711, and F77 and F79 are positioned symmetrically 

the substrate. On the polysilicon gate Gs. an insulating ™th respect to the middle transistor Fjb in the transis- 

layer 40 is disposed on which a first-layer line gs is tor-array, respectively. The advantage of the symmetri- 

deposited. The first-layer line gs is electrically con- ^0 ^ arrangement of the tra nsi s t ors with respect to the 

nected via a contact hole h to the polysflicon gate Gg middle transistor Frs is as follows, 

and is also connected via another contact hole h to first Where the transistors F71 to Fjij are formed on a 

gate line 35 which is a second-layer line and is formed semiconductor ****** so t^t they are of the same 

on an insulating layer 41. The polysilicon gate G7 of M and and are arranged ma row at the same 

transistor Fr, which is adjacent to tihe^t ride of the 35 wterv * U ' ^ t ^°? ^^^^^l?' 

transistor Fn in FIG. 7 isdectricalry connected via a 

, J. A - . . i . . enced that in the semiconductor manufacturing process 

contact hole h to a fost-layer Ime ^ formed 00 insulat- ^ M ^ etchin ^ for n^afocturfng polysilicon 
mg layer 40. The first-Uyer fine gr is dectncaDy con- Q to G racvenncs$ m ^ capacity of 

nectedviaacontaaholebtoasecOTcWayerlinefc^ ^ the transistors is introduced due to the uneVenness in 
mg the fourth gate hue 38, as shown in FIG. U. Like- ^ shape ^ ^ ^ inlegacy of mast align- 
wise, the polysilicon gate G 6 o f the t ransistor Frs * ment, among other factors. It also has been observed 
connected to a second-layer line forming third gate line that the un evenness in the current capacity among the 
37 via a contact hole h, a first-layer fine g* and the transistors arranged in a row exhib its monotonic char- 
contact hole h in this order, as shown in FIG. 8e, while 45 acteristics in the direction of arrangement thereof and a 
the polysilicon gate O4 is connected to a second-layer typical monotonic characteristic is linear as shown by 
line forming second gate line 36 via a contact hole h, a die solid line in FIG. 9, wherein the current capacity of 
first-layer line g* and the contact hole h in this order, as the transistors decreases linearly in the direction from 
shown in FIG. 8ct Also provided is a protecting layer the transistor F71 at one end of the transistor-array to 
42. 30 the transistor Fjis at the other end thereof. If the tran- 

The relationship between gate lines 35 to 38 (signals sbtor Fn is controlled by die signal Su, the transistors 
Sn to Su) and the transistors F71 to F713 » shown in Fn and F13 by the signal Su, the transistors Fr* Ft* 
Table 1 below: Ft* and F77 by the signal S13, and the remaining transis- 

tahi f 1 tors Fjb, Ft* Ftio, Ftu, Fm, F713, Fn4 and F713 by 

mDLt 1 55 the signal S14, respectively, the change in output cur- 

rent value does not increase monotonically as shown by 
the broken line. More specifically, in this arrangement, 
since the transistors are of p-type, the gate signal repre- 
sents binary T by its logically low level and binary fJ 
60 by its logically high level As the 4-bit serial signal 
increases in its value from TJOOOr to "OUT, the output 
current value is monotonically increased as shown by 
the broken line in FIG. 9. However, since the output 
* current value is much lower when the signal is MOOO* 
65 than when the signal is 'OUT, the monotonic increase in 
the current value is broken at this point. In other words, 
the maximum drop of the output current value occurs 
when the signal increases from "OUT to 'iOfXT. In addi- 
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don, smce the gradient of the current capacity line sisters connected to the same gate signal are positioned 

shown in FIG. 9 is rather large, the current values at the symmetrically with respect to the middle transistors 
.P°M»-JJ$R5 Ita &ttt .tfmtMXWuWWW. m -:<,«Ftb having.an average current capaatyof the transit 

lower ton that where the signal is TO 11% tor-array, one of the pair transistors has die current 

As described above, the unevenness in the current 5 capacity exceeding the average capacity by +N-Ai, 

capacity among transistors causes the drop in the output while the other one has the current capacity below the 

current value of the DAC, which deteriorates the average capacity by — N*Ai Thus, the total amount of 

mcmotomc^ge m the output current value partially. ^ ^parity of the pair of the transistors b 2L Accord. 

Caosw^rationisniade as to accepted tmevenness m the in* to the present embodiment, the txnevenness in the 

Z ^S£Z£St 22S ^ J? ^venn« of ^ avc^ or sm^sed to the 



(J) , 

19 The above argument is based on the assumption that 
wherein U is constant, N is the order of die transistor unevenness in the current capacity of die transistors 

counted from the left side of the transistor-array, and AI exhibits linear characteristics. Although this, of course, 
is change in current capacity between the adjacent tran- can be applied to many cases, it must be considered that 
sistors. the unevenness in the current cap a cit y exhibits mono- 

The transistor Fn has the current capacity of Ii pro- tonic characteristics represented by curves of second- 
vided by: ary degree. Among such curves, one curve has no turn- 

ing points as shown by the solid line in FIG. 11. In this 
/i-V-a/ (3) case, the above arrangement of transistors can also be 

_ . _ ^ applied to maintain the monoto n ity of the increase in 

and the transistor F m has the capacity of lis provided 23 the current output as shown by the broken line, al- 
ky 1 though thehnear characteristics of the current output is 
«*/ f4) somewhat deteriorated. 

FIG. 13 illustrates another example of the transistor 
In the DAC controlled by the 4-bit serial signal, the 30 ^g^t, wherein thirty Md-effect transistors Fn 
point where the current level drop b mos& likely to to F no forming DAC are of the same shape and 
occur is that of transition from the values Dill' to %aty m arranged at the same intervals to form a 
*1000- of the signal The condition by which the level transistor-array. In this array, each pair of adjacent 
drop can be avoided b defined by transistors are connected at their gates with each other, 

35 (Fn, F72X (Fn, F A ), (Ft* Ft&X (Fn. Ft*). 

7 15 m (F7V, FnoX (Fni, FnA (Fn* FjmX (Fns, Fne), 

2 vo - aj • a->< x c/b - u - *) w (Fn?, Fns), (Fn* Fno), (Fm. F722X (Fra, F ra ), 

(Fns, Fn6), (F777, F m ) and (F72* F730) are con- 
which can be rimnlified to- nected with each other. Each pair of the transistors 

auJ1 *' 40 functions as a unit switching element. The pair of tran- 

Ai<l</64 (6) sistors (Fns, Fn6> b located in the center of the array 

and b supplied with the gate signal Sn. With respect to 
Accordingly, the change AI in the current capacity pair, pairs of transistors which are supplied with the 

between the adjacent transistors must be suppressed to same gate signals are located symmetrically in the array, 
less than about 1.5% (=1/64 x 100) of the current ca- Fru)and (Frn, Fns) are connected in the signal 

parity of the adjacent transistor. The more the bit num- (Fnii FnA (Fn* Frio) to the signal Si* (F79, 

ber of DAC the less change AI must be. Unfortunately, F ™) and (Fm, Frn) to the signal Su, (Fn, Frs) and 
the unevenness of the current capacity of the transators (Fj2J» F734) to the signal S12, (F75, Fn) and (F723, 
exceeding the above value AI b inevitably induced Ftm) to the signal S14, (F73, F 4 ) and (F777, F ra ) to the 
through the manufacturing process no matter how pre- 50 signal S13, and (Fn, Fn) and (Fr»> F730) to the signal 
cisely the process control b carried out. Si* The DAC in which die unit transistor portion in- 

As mentioned above with reference to FIG. 7, in the eludes two or more transistors positioned adjacent to 
present embodiment, the transistor-array b arranged each other functions substantially the same as that 
such that the transistor Fn having the gate input of the shown in FIG. 4. One advantage of the arrangement b 
first bit Sn of the serial signal b positioned in the center 55 that a DAC having a larger number of transistors may 
of the array and the transistors having die gate input of he deposited in a limited space such as where the output 
the same bit of the serial signal are positioned symmetri- pad pitch b narrow, without decreasing the width of 
cally with respect to the middle transistor Fr* In this the channels of the transistors. The DAC provided with 
arrangement of the transistors, the output current value the transistor arrangement shown in FIG. 12 shows 
varies along the broken line shown in FIG. 10, wherein 60 linear characteristics of output current as shown by the 
the middle transistor Fn has the current capacity i and solid line in FIG. 13. 

the output current value increases monotonically in FIG. 14 shows another relationship of connection 
response to the roonotonic increase in the value of the between the field-effect transistors and the gate signals, 
gate signal The transistors Fn and Fm connected to wherein thirty transistors Fn » mo are of the same 
the second gate signal Sn generate the current output 65 shape and size and are arranged in die same direction at 
2i, and the transistors Fn. Fns, Fn. Fn* F75, Fm, the same intervals to form a transistor-array. As shown 
Fn and F79 connected to the third gate signal Sngener- in FIG. 14 wherein the bit numbers of the 4-bit serial 
ate the current output 8i. That is, since the pair of tran- digital signal are denoted in the parentheses, the transis- 
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switching elements being deemed adjacent when the when n=5. then 

unit switching element on one end of each of the two n— *(n — 3 ) »n » (n — 2)-*n— >(n — 1 }—n— > 1 — -n— <n- 

^^gioops as : viewed ^krag^the' length ^yf the paralld con- — l) »d >(n^2) » n » ( n>^^-»n;' < apd-M .y^-^».»> 

nection are adjacent ^ when n«6 or greater, then 

4. The current supplying integrated circuit of claim 2, 5 n-*<n— l>-Hi-Kn-2)--*n-Kn— >-►. ..n-^2-m-*. 
wherein each of said unit switching elements comprises . . -*n-*(n— 2)-*n— <n- 1)-^l 

either a single fidd-effect transistor or a plurality of 1Z The current supplying integrated circuit of claim 

field-effect transistors positioned adjacent to each other 11, wherein each of said switching means has at least 

and connected in parallel to each other. one offsetting field-effect transistor connected in paral- 

5. The current supplying integrated circuit of claim 4, 10 lei to said current synthesizing circuit 

wherein said N unit switching elements are of substan- 13. The current supplying integrated circuit of claim 
dairy the same shape and size and are arranged on a 1, wherein each of said unit switching elements corn- 
semiconductor substrate in one direction at equal inter- prises either a single field-effect transistor or a plurality 
vab to form a switching-element array. of field-effect transistors positioned adjacent to each 

6. The curr e nt supplying integrated circuit of claim 2, IS other and con ne cte d in parallel to each other, 
wherein the switching dements which belong to each 14. The current supplying integrated circuit of claim 
group are arranged in symmetrical order on each side of 13, wherein said N unit switching elements are of sub- 
a switching element of the first group. stantially the same shape and size and are arranged on a 

7. The current supplying integrated circuit of claim 2, semiconductor substrate in one direction at equal inter- 
wherein the switching element belonging to the first 20 vab to form a swrtchmg-ctenent array. 

group of said n groups is located in the center of the 15. The current supplying integrated circuit of claim 
switchmg-dement array and the switching elements 2, wherein said N unit switching elements are of sub- 
belonging to the other groups are arranged from the stantially the same shape and size and are arranged on a 
switching element of the first group to both ends of the semiconductor substrate in one direction at equal inter- 
switching-element array in the following order symmet- 25 vals to form a switching-element array, 
heal to the switching element of the first group: 16. The current supplying integrated circuit of claim 
when n=2, then n— 1— n; 1, wherein each of said unit switching elements com- 
when n=3, then n— {n— l)-»n-»l >n >(n— I)~»n; prises at least two field-effect transistors connected in 
when n=4, then parallel to each other, and wherein thr field-effect tran- 
n_^ n _ 2)-^n-Kn - l>—o— 1-m— <n - 1) »n *{n- 30 sistors belonging to the different groups are arranged 
— 2)->n; adjacent to each other, 
when n=5, then 17. The current supplying integrated circuit of claim 
n— - 3)~»n— (n — 2) » n »(n- l>—n— »1 >n »("- 16, wherein said N unit switching elements are of sub- 
_ 1 ) »p , ( n — 2)— n—*(n — 3)-*n; and stantially the same shape and size and are arranged on a 
when n=6 or greater, then 35 semiconductor substrate in one direction at equal inter- 
n—^n — l)-»p-+(n— 2) > n »(n —)-*»... n— »2 * n » . vals to form a switching-element array. 
. . m > ( n-2 ) > n >(n— l)-»n. 18. The current supplying integrated circuit of claim 

8. The current supplying integrated circuit of claim 7, 17, wherein each of said switching means has at least 
wherein each of said switching means has at least one one offsetting field-effect transistor connected in paral- 
oflsetting field-effect transistor connected in parallel to 40 lei to said current synthesizing circuit. 

said current synthesizing circuit. 19. The current supplying integrated circuit of claim 

9. The current supplying integrated circuit of claim 2, 1, wherein each of said switching means has at least one 
wherein each of said unit switching elements comprises " offsetting field -effect transistor co nne c t ed in parallel to 
at least two field -effect transistors connected in parallel said current synthesizing circuit, said at least one offset- 
to each other and wherein the field-effect transistors 45 ting field effect transistor selectively p e rmittin g a prede- 
bdonging to the dif ferent groups are arranged adjacent terrnined essentially constant current to flow there- 
to each other. through for addition to the current flowing through 

10. The current supplying integrated circuit of claim said unit switching eleme n ts 

9, wherein said N unit switching elements are of sub- 20. An electronic device for controlling a plurality of 

stantially the same shape and size and are arranged on a 50 elements which are controlled in their driving state by 

semiconductor substrate in one direction at equal inter- the level of electric current from a current source ap- 

vals to form a switching-element array. plied thereto, co mp rising a current supplying means 

11. The current supplying integrated circuit of claim controlled by an output data and a corrected data, said 
2, wherein at least two field-effect transistors belonging output data being relative to whether said correspond- 
to the first group have their center of gravity positioned 55 ing element is driven, said corrected data being relative 
in the center of the switching-element array, and to said level of electric current applied, said current 
wherein the respective groups have at least two transis- supplying means producing said current in response to 
tors, the centers of gravity of which appear m the direc- said corrected data, said current supplying means com- 
tkra from said center of gravity of the first group to prising a plurality of switching means for respectively 
both ends of the switchmg-element array in the follow- 60 controlling the supply of said current to a correspond- 
ing order wherein said centers of gravity of the transis- ing element to be driven in response to said corrected 
tors are expressed by the groups number 1 to n to which data, each of said switching means com p ri sin g N unit 
the transistors belong: switching elements arranged to be connected in parall el 

when n=2, then n-> 1— n; to each other to form a current synthesizing circuit, 
when n=3, then n-Kn-l)-«*i— 1-ni-^n-l)-^ 65 each of said switching elements being switchable from a 

when n«4, then first condition wherein no current flows therethrough 

n_^( n _ 2>-^n-^n - 1>— n-* 1 — n— <n - 1 )— n-*<n- to a second condition wherein a predetermined essen- 

— 2>— n; nally constant current flows therethrough, each of said 
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center of gravity p o si t i oned in the center of the switch* 

« , , ing-dement amy and the respective groups have at 

appear in the direction from said center of gravity of the 

and each of said corrected data signals is an n-bit digital ' first group to both ends of the switching-element array 

signal and each group of unit switching elements is in the following order wherein said centers of gravity of 

controDed by a corresponding bit of said n-bit digital the transistors are expressed by the group numbers 1 to 

signal. n to which the transistors belong: 

31. The electronic device of claim 30, wherein each when n«2, then n— *1— *n; 

group of unit switching elements includes at least two m when n=3, then n— Kn— 1) >n »1 » n »(n— l)-»n; 

unit switching elements spaced along the length of the when n=4, then 

parallel c o nnecti on and having a center of gravity de- n— (n— 2) »n >(n-l) >n i»l-»n-»(n— 1) » n >(n- 

fined by a unit switching dement, the centers of gravity — 2)— m; 

of adjacent groups of unit switching dements having when n»5, then 

adjacent centers of gravity, two groups of unit switch- 15 n^ n -3)->n^n-2)--*>--Kn-i)-^^ 

ing elements being deemed adjacent when the unit 1) *n »( n 2) »n r( n 3) m; and 

switching element on one end of each of the two groups WDes n=6 or greater, then 

a^Sce^° n8 *** ***** °* ^ Parand C ° nDCCti0n i^.lHMB-2HH(n-h...iK^. 

r^ 7 ** ?*tZt ^ ^ y wl ™ «^ 20 3*! The D e£onfe*o^v£e oVchnm 31, wherein each 

of said umtswrtcmng elements comprises a angle field- ofsaid s^^fa^ means has at least one offsetting field- 

effect tFPF VH St o r or a plurality of neJoVeffect t rans wt or s fJ . . „ 1 . _ 

positioned adjacent to each other and connected in ^transistor connected n \V*"®** ***** current 

paraUel to each other, said field-effect transistors being ^ynthesumg cnxui^jd at least one cfiserong field 

of substantially the same shape and size and being ar- 23 e " ect transistor selectively penmttmg a predetermined 

ranged on a semiconductor essentially consta nt current to flow tnerethrongh for 

the same intervals to form a switching-dement array. addition to the current flowing through said unit 

33. The dectronic device of claim 32, wherein said switching dements, 

field-effect transistors belonging to the first group of »• The dectronic device of claim 37, wherein said 

said n group are located in the center of the switching- 30 dements to be driven are LEDS. 

element array and the field-effect transistors bdonging 40 The dectronic device of claim 29, and including 

to the other groups are arranged in the direction from means for storing said correction data signals associated 

the fidd-effect transistors of the first group to both ends with each of said elements. 

of the array in the following order symmetrical to the 41. The electronic device of claim 40, wherein said 

transistors of the first group: 35 correction data storing means includes a plurality of 

when n=2, then n-»l— m; flip-flops. 

when n«=3, then n— <n — 1 )-*n— l-*n— (n - 1)— n; 42. The electronic device of claim 40, wherein said 

when n=4, then means for receiving said data signals and said correction 

n— (n-2)—n— <n— l)-*n— l-*n~*(n— 1) » n >(n- data includes an output transistor control circuit associ- 

— 2)-*n; 40 ated with each of said dements, said control circuit 

whcD n=5 ' mcn including a print mode decision circuit for receiving 

n— Kn— 3) * n >(n— 2) > n »(n-l)--»n^l--»n T H{n- said data signals to determine if the associated dement is 

- l)^n^n-2)--Hv-Kn - 3)— n; and to be driven, and levd shifting circuit means for setting 

when 0=6 greater, then the levd of electric current in response to said stored 

n-><n-l) »n »(n-2 ) »n > (n-h^ . . .n-*2-»n~». 45 correction data. 

' LT^ n ~ 2) T* 1 ^ n ~ 1 )^: Q : „ . . . 43. The dectronic device of claim 42, wherrin said 

r . < ~ ctromc dc X^ *r*T ** wherein each levd shifting circuit means includes means for sdecting 

of said swnchmg meanstos at least one ciflsettmg fidd an offset current and means for selecting from a phiral- 

effect transistor connected in paraOd to said current . of in^^e,^ ^ for addition to said offset 

synthesizmg cucurt, said at least one offsetting fidd 50 ^ m mpQnK ^ ^ ^ produce 

effect transistor selectively permitting a pretoermined ^ rf ^ mnltMevds of current to drive the 

essentially constant current to flow therethrough for T*~" 

addition to the current flowing through said unit " lf TU? ... , . . 

switching dements. 44. The current supplymg mtegrated orcurt of clarni 

33. The electronic device of claim 32, wherein said 55 *» wberrin f***i&ty of dements to be driven are 

dements to be driven are LEDs. essentially aligned in a first direction and said N unit 

36. The electronic device of claim 30, wherein each swnching efanents are essentially aligned in a second 
of said unit switching elements comprises at least two direction* said first direction being substantially orthog- 
field-effect transistors located sy mm et rica lly and con- ona ' to **** second direction. 

nected in paralld to each other and wherein the field- 60 45 - The current supplying integrated circuit of claim 

effect transistors belonging to the d iff ere n t groups are wherein each of said N unh switching elements in a 

arranged adjacent to each other, said field-effect tranas- switching means are adapted to permit essentially the 

tors being of substantially the same shape and size and same essentially constant current to flow therethrough 

being arranged on a semiconductor substrate in one when in said second condition, 
direction at the same intervals to form a switching-ele- 65 46. The dectronic device of claim 20, wherein said 

mem array. plurality of dements to be driven are essentially aligned 

37. The dectronic device of claim 36, wherein at least in a first direction and said N unit switching dements 
two transistors belonging to the first group have their are essentially aligned in a second direction, said first 
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direction being substantially orthogonal to said second 53. The LED printer of claim 51, wherein said N unit 

direction. switching elements are divided into n groups so that the 

47. The electronic device jrf cjtan 2p v wherein each _ number of said unit switching elements belonging to the 
of said N unit swh^hing elements m a switching means i-th group is 2'- 1 wherein n<N, 1 ^i^n^and 

are adapted to permit essentially the same essentially 5 

constant current to flow therethrough when in said „ 

second condition. f * } - 2" - 1 - A r 

48. The electronic device of daim 29, wherein each o 

f said N switching dments in . switching means mi wba ^ ^ ofunit switctasg danents fa 

areadapted to pennrt essendan) r the samewsentiaUy 10 coaax)llai by , colresponding bit of an n-bit digital 

constant current to flow therethrough when m said ^, lt . • , ^ 

second condition. controj signal. 

Aft . « * i • i • 54. The LED printer of claim 53, wherein each group 

JlZ^L^^T °I of unit swhcMnVdements includes at least twfunit 

°^™ k -* on * uts °*P* *** switchmge^^ 

rn AniTO^K^.nim^^for lei coonectioo and having a center of gravity defined by 

r^^^^^^Tl ^ f0r a unit switching dement, the centers of gravity of adja- 

printing by USing a plurality of LEDs, COmpnsmg: arasMoTntat swifchina etements feivina idi^fflt 

storage means for storing digital data representative ^^Jl^Jz!aZ ^T^^^^w^^^jI 

ofLEDrntexxsUycorm^nT centers of g ravity, t wo groups of unit switching dc- 

drrving means for driving said LEDs; ^ ments bong dee^adjacem when the umt swrtohmg 

processor means for receiving said stored data and dement on one end of each of the two groups as viewed 

outputting said data to said driving means; and alon B the length of the paralld connection are adjacent 

said driving means including digital to analog conyer- ^'^J^^Z^^^^^^ 

sion means for converting said digital data into T^l"^? cJemems comprises otner asmgie 

analog information for driving said LEDs. said 23 Md ^L t !^ St ? °* 8 V ]ur ^ <* tnn- 

digital to analog conversion means being adapted P* 0 " |K»moiied adjacent to each other and connected 

to synthesize a constant current flow into each of m E™r *t£~.'. . . « v ^ u 

said LEDs, said constant current flow to each 56. The LED printer of dam^ wherem said N unit 

LED to be corrected being the sum of a plurality of *witcbmg dements areof substanuaUy the same shape 

sdected constant currents, the sdection of said 30 and size and arc arranged cm a semiconductor substrate 

constant currents for summing being determined m directJon * ^ ««vab to fonn a *witching- 

by said digital data. dement array. 

51. An LED printer having an LED printer head for . 57 The 1XD printer of daim 53^ wherein the switch- 
printing by using a plurahty of LEDs, comprising: ™* elements wh «* Moa * ^each ^° U P « ranged 

storage means for storing digital data representative 35 m symmetrical order on each ode of a switching de- 

of LED intensity correction; roenX of 5,51 Btoup. 
driving means for driving said LEDs; 58. The LED printer of claim 53, wherein the switch- 
processor means for receiving said stored data and ing element bdonging to the first group of said n groups 
outputting said data to said driving means; and * )ocatcd m the center of the switching-element array 
said driving means mduding digital to analog conver- 40 ^ e switching dements bel ong i ng to the other 
sion means for converting said digital data into groups are arranged from the switching element of the 
analog information for driving said LEDs, said ***** & 0 * 11 ? to both ends of the switching-dement array 
digital to analog conversion means being adapted m the following order symmetrical to the switching 
to synthesize a constant current flow into each of dement of the first group: 
said LEDs; 45 wnen n=2, then n—1— n; 
said digital to analog conversion means induding a when n=3, then i>^ n -l)~*i-H>l-Hj-Kn- 1>— n; 
plurality of switching means for controDably sup- wncn ***** 
plying the current from a current source to the n-»(n— 2) m > ( n— l>-»o-»l-*D-»(n— l)-»n-»(n- 
corresponding LED to be driven, each of the — 2H*; 

switching means comp risin g N unit switching de- 50 when n»5, then 

roents arranged to be connected in paralld to each n-^n-3 ) > n >(n-2) > n > (n~l>^n-»l-*n-^<n- 

other to form a current synthesizing circuit each of — 1 ) >n > (n-2 ) > n » <n— 3)-»n; and 

the unit switching elements being switchabte from when n=6 or greater, then 

a first condition wherein no current flows there- n-*(n— l)-»n-»(n-2) » n *(n— )-» . . . n-»2-»n-» . 

through to a second condition wherein a predeter- 55 - • -»n— »<n— 2) » n >(n— l)-+n. 

mined essentially constant current flows there* 59. The LED printer of claim 58, wherein each of 

through, the switching supplying an essen- said switching means has at least one offsetting field- 

tially constant current to the associated element to effect transistor connected in paralld to said plurahty of 

be driven equal to at least the sum of the predeter- switching means. 

mined essentially constant currents flowing 60 Ml The LED printer of claim 53, wherein each of 

through those of the unit switching dements said unit switching dements comprises at least two 

thereof in the second condition, field-effect transistors connected in paralld to each 

52. The LED printer of claim 51, wherein each of the other and wherein the fidd-effect transistors belonging 
unit switching dements induces at least one fidd effect to the different groups are arranged adjacent to each 
transistor for providing essentially constant current, the 65 other. 

at least one field effect transistor operating in the satura- 6L The LED printer of claim 60, wherein said N unit 

tion region of the characteristic curve when in the sec- switching dements are of substantially the same shape 

ond condition. and size and are arranged on a semiconductor substrate 
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in one direction at equal intervals to form a switching- sistors positioned adjacent to each other and connected 

element array. in parallel to each other. 

.62. The LED printer of claim 53, wherein at least two v The LED printer of claim 6i> wherein saidN unit. 

field-effect transistors belonging to the first group have switching elements are of substantially the same shape 

their center of gravity positioned in the center of the 3 and size and are arranged on a semiconductor substrate 

switching-element array, and wherein the respective m aic direction at intervals to form a switching. 

groups have at least two transistors, the centers of grav- ^^^"J^L . M . . . 

hy of which appear in the direction from said center of Jf. The 1 f^ ntcr ^Z^t^ "vT 

gravity of the fosTgroup to both ends of the switching. tn 5W ? C ? m * ***** m * "^T^^™*** 
?t m ' amv • t vlr^r^™ "T7 . . T VT^ g 10 and sne and are arranged on a sennconductor substrate 

STrf JS, f t J^2 8 ^ "^J^T in one direction at equal intervals to form a switching- 
ters of gravity of the transistors are expressed by the dement array. 

groups number 1 to n to which the transistors belong: $7. The LED printer of daim 51, wherein each of 

when n~2, then n— 1— n; said unit switching elements comprises at least two 

when n=3, then n-*(n— 1 ) »n » l-»n~ »(n--l)-»n; 15 field-effect transistors connected in parallel to each 

wkeD then other, and wherein the field-effect transistor? belonging 

n-Kn— 2) * n >( n- 1)— 0— 1— <n- 1 ) > n >(n- to the different groups are arranged adjacent to each 

-2)— c; other, 

when n = 5, then 68. The LED printer of claim 67, wherein said N unit 

rj^ n -3)-Ki^n-2)--Hi-^-l)-H^ 20 switching elements are of substantially the same shape 

-l)->p »(n-2) »n »(d-3)-hi; and and size and are arranged on a senricondnctor substrate 

when n=6 or greater, then «* one direction at equal intervals to form a switching. 

l)^n-+(n-2)-*n-*<n->-* . . . n-*2-n-* . ^^L^ 1 ?^ . „ . , 

_, D r / n 2) m *(n 1) \jl LED V*™*** °f ck"™ * wherein each of 

©! The LED printer of daim SL wherein each of 25 ^ switt * m * mcans at least one offsetting field, 

said switching meTL ^ s^hu,^^^ " ^ ^ ^ P ^ ^ 

effect transistor connected in parallel to said pluraliry of 70. The LED printer of claim 51, wherein each of 

***™"* g ***** . r t said switching means has at least one offsetting field- 

64 V* ^ P™ 1 ^ of daim 51. wherein each of 30 effect transistor connected in paralkl to said plurality of 

said unit switching dements comprises either a single switching means, 

field-effect transistor or a plurality of field-effect tran- * * • • • 
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